Abstract: Extensive use of chemicals in personal care products has led to many health issues. Diethanolamine is one of such harmful chemicals containing two highly functional groups alcohol and amine that requires toxicological evaluation and its mitigation. Swiss strain albino mice were used and divided into different control and treated groups. Different doses of DEA (110, 165 and 330 mg/kg body weight/day) were orally administered for 30 days. Biochemical and histopathological assessments were performed at the end of the treatment. Results collectively revealed body weight loss as well as significant increase in absolute and relative liver weight in DEA-treated groups. Biochemical analysis revealed that DEA treatment further promotes significant (P<0.05), dose-dependent increase in lipid and cholesterol contents and also cause decrease in protein and glycogen content. Histopathological assessment confirms vacuole formation due to accumulation of lipid within the liver tissue. Administration of curcumin (10, 20 and 30 mg/kg body weight/day) along with high dose of DEA (330 mg/kg body weight/day) showed improved values of lipid, cholesterol, protein and glycogen contents. It also helped retaining normal histological structure of liver. Observations in all groups and results indicate DEA-treatment causes hepatic steatosis and treatment of curcumin attenuated effect of DEA that is due to its potential antioxidant properties.
Introduction
Diethanolamine (DEA) is a colourless liquid or solid organic compound having slight ammonia like odour. 1 It is used as an emulsifier to provide leathery smooth texture to products like shampoos, conditioners, lotions and hand washes. 2, 3 It is also used in pharmaceutical industries as drug stabilizer, pH adjuster and as a plasticizer in outer covering of capsulated drugs. 4, 5 Diethanolamine has cumulative toxicity upon repeated exposure as it gets accumulated into liver and kidney. 6 Since DEA contains two functional groups hydroxyl and amine, it is a highly reactive compound. After administering DEA into body the question arises that whether the toxicity generated to liver is due to either DEA as a whole compound itself or its functional groups. Ethanol may produce alcoholic diseased conditions as DEA contains two hydroxyl groups in its structure. Moreover, the ethanolamine metabolism pathway suggests that primary step of ethanolamine metabolism pathway is deamination leading to the hypothesis that diethanolamine may produce the effect of ethanol.
Curcumin is a bioactive component of turmeric root. It is distinguishes by number of medicinal properties such as anti-inflammatory, antioxidant, 7 anti-carcinogenic, anti-septic, anti-fungal and anti-bacterial properties. 8, 9 Present study was an attempt to evaluate protective effect of curcumin against diethanolamine-induced hepatic steatosis.
Materials and methods

Experimental animals
In this study, healthy Swiss strain male albino mice weighing 30-35 g were obtained from Cadila Research Centre, Ahmedabad, India. Animals were housed in an air -conditioned room at a temperature of 25±2º C and 50-55% relative humidity with a 12 h light/dark cycle throughout the experiment. Animals were fed with certified pelleted rodent feed supplied by Amrut Feeds, Pranav Agro Industries Ltd., Pune, India and potable water. Mice were acclimatized to the laboratory conditions for two weeks prior to the treatments. All the experimental protocols were approved by the Committee for the Purpose of Control and Supervision of Experiment on Animals (Reg-167/GO/ReBi/S/99CPCSEA), New Delhi, India. Animals were handled according to the guidelines published by Indian National Science Academy, New Delhi, India (1991). 
Chemicals
Study Design
Ninety animals were randomly divided into nine experimental groups and caged separately.
Each group contained 10 mice. All experimental animals were subjected to overnight fasting prior to the treatment. Animals of group one were maintained without any treatment 
Biochemical analysis
The glycogen content in the liver was estimated by the method of Seifter et al. (1950) .
11
The glycogen present in tissue is converted to glucose, which reacts with anthrone reagent to give a green coloured product. The colour intensity was read at 620 nm which was directly proportional to glycogen content in liver. Total lipid content of the liver was estimated by the method of Fringes et al. (1972) . proportional to the total protein, which was measured at 540 nm.
Histopathological study
For histopathological evaluations, liver tissue was quickly isolated from all experimental animals. Liver tissues were preserved in 10%
formaldehyde. Preserved tissues were processed and embedded in paraffin.
Sections were mounted on slides for hematoxylin and eosin staining. All
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Statistical analysis
The data were statistically analyzed using one-way analysis of variance (ANOVA) followed by Tukey's post hoc test in Graph pad prism 5
(graph pad, software, USA).The results were expressed as the mean ± SEM.
Statistical significance was accepted with p< 0.05. Correlation coefficient was measured to estimate the strength of linear association between the two variables. Pearson's correlation analysis was used to find the correlation between untreated and DEA-treated groups.
Results
Body weight
No significant changes in body weight were observed between different control groups of animals fed with normal diet (Table-2 ).
Significant (p<0.05), decrease in body weight of mice fed with normal diet was observed in DEA-treated animals (Groups IV-VI) as compared to untreated control groups of mice (Group I) fed with normal diet. Significant recovery in body weight gain was observed in curcumin-treated groups (Group VII-IX).
Absolute and relative weight
No significant changes were noted in absolute and relative weight of different control groups of animals ( Table-3 
Maximum protection was achieved at the high dose of curcumin (Table 3) .
Cholesterol content
Cholesterol content of animals of (Group I-III) showed no (Table 4) . Glycogen content in the liver of curcumin treated group of mice (group VII-IX) was found to be restored back because of protective effect of curcumin. Hepatoprotective index showed 32.01%, 63.83% and 97.60%
Glycogen content
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Chemicals that are used in routine can cause toxic effects in biological system and affect homeostasis in various aspects. Liver plays a pivotal role in detoxification and largely exposed to various toxicants that has been exposed to body. If liver is damaged it will be difficult to maintain homeostasis. Moreover, allopathic medicines also tend to damage liver so that substitute to such medicines should be promoted. Herbal medicines that has been used traditionally which have no or least side effects are suitable to treat diseases.
Oral administration of DEA for 30 days triggered significant reduction in body weight of mice (Table 3) . Reduction in body weight might be due to reduced feed intake. (Table 4 ).
Platel and Shrinivasan in 1996, stated that curcumin stimulates digestion of fats and carbohydrates in animal models. 19 The observations of Soni and Kuttan in 1992 supports the present results which suggests that oral dose of turmeric and curcumin extracts alter serum lipids, specially decreasing LDL cholesterol, total cholesterol, and LDL peroxidation. 20 While increasing HDL cholesterol in humans. Curcumin obstructs intestinal cholesterol-uptake, rises the conversion of cholesterol into bile acids through increasing the activity of hepatic cholesterol-7-alpha-hydroxylase which is the rate limiting enzyme in synthesis of bile acids that increases secretion of bile acid. 21 Curcumin possesses hepatoprotective and choleretic
properties. Curcumin has been demonstrated in-vivo to prevent lipid peroxidation from diverse agents such as carbon tetrachloride, and aflatoxin from aspergillus parasiticus. 20 In animal models, curcumin is a potent choleretic, increasing bile output by almost 100%. 22 Turmeric and curcumin has been historically used as a carminative and digestive. In vivo, curcumin ameliorated HFD-induced body weight gain and fat accumulation in liver or adipose tissues. 
